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Welcome to the Graduate Spotter Class

What we will attempt to cover in this class:

• Advanced weather concepts including a 3-D look at the 
atmosphere.

• Instability versus Wind Shear – Finding the perfect 
balance. How do you arrive at the mode of convection in 
the forecast?

• The ‘why’ of what you observe when storm spotting.

• Spotting recognition quiz

• Warning scenario: what we see from the NWS 
perspective and why we need effective spotter reports.



The 3-Dimensional Atmosphere

Warm Front

Cold Front



Thunderstorms

• Instability

• Moisture

• Lift Mechanism

Severe

• Instability

• Wind Shear

The 3-Dimensional Atmosphere



• In basic terms, the 
instability of the 
atmosphere is 
measured based upon 
how warm it is at the 
surface versus how cold 
it is aloft.

• In general, the 
atmosphere gets colder 
as you go up.

• During the summer, it is 
a lot hotter at the 
surface, but it also 
warm aloft

• In the winter it is colder 
at the surface, but it is 
also colder in the upper 
atmosphere, as well.

• How is the instability 
calculated?

The 3-Dimensional Atmosphere
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• CAPE stands 
for the 
Convective 
Available 
Potential 
Energy

• Depending on 
what type of 
CAPE exists (tall, 
short, skinny, fat) 
will determine 
the type and 
amount of 
thunderstorms 
that are possible 
(potential).

The 3-Dimensional Atmosphere
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The 3-Dimensional Atmosphere
Instability
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The 3-Dimensional Atmosphere
Instability



The 3-Dimensional Atmosphere
Instability

Surface

500 mb

Lifted Index (LI) is
simply the environmental 

temperature minus the 
air parcel 

temperature at 500 mb (in 
Celsius degrees).

In our example here, the 
environmental temperature is 

about -10 degrees and the 
lifted air parcel temperature is 

about 5 degrees.

LI  =  -10° - 5° =  -15°
Environmental 
Temperature

Lifted Air 
Parcel 

Temperature



The 3-Dimensional Atmosphere
Instability



• Wind shear can be 
calculated in three 
ways

• Change in wind speed 
with height

• Change in wind 
direction with height

• Change in both speed 
and direction with 
height

The 3-Dimensional Atmosphere
Wind Shear
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• Wind speed is typically 
calculated in terms of 
speed and direction 
change in the term 
Helicity or Storm Relative 
Helicity.

• Helicity is measured at 
several height levels, and 
that determines what 
type of storm is likely to 
form or what the mode 
of convection will be. 

• 0 to 6 kilometers (storm 
motions)

• 0 to 3 km (supercells, 
multicell, or ordinary 
cell?)

• 0 to 1 km (tornadoes?)

The 3-Dimensional Atmosphere
Wind Shear



The 3-Dimensional Atmosphere
Wind Shear



• Finding the 
perfect balance 
between 
instability and 
wind shear 
remains a 
forecast 
challenge.

• All about the 
favorable mode 
of convection.

Finding the Perfect Balance 
Instability versus Wind Shear

Favorable 
for storms



• Certain 
products like 
the Energy 
Helicity Index 
(EHI) can help 
you determine 
the mode of 
convection.

• EHI > 4 Watch 
Out!

• EHI 1 – 3 
marginal

• EHI < 1 low

Finding the Perfect Balance 
Instability versus Wind Shear



Finding the Perfect Balance 
Instability versus Wind Shear

DAY 1 CONVECTIVE OUTLOOK NWS STORM 
PREDICTION CENTER NORMAN OK 
0659 AM CST THU MAR 01 2007

...GULF COAST REGION... 
PRESENT INDICATIONS ARE THAT SCATTERED 
THUNDERSTORMS WILL DEVELOP OVER EASTERN LA 
AND MS BY MID MORNING...AHEAD OF UPPER 
TROUGH. THIS REGION WILL BE VERY MOIST AND 
UNSTABLE WITH MLCAPE VALUES OVER 1000 J/KG 
EXPECTED. VERY IMPRESSIVE VERTICAL SHEAR 
PROFILES ARE IN PLACE AND WILL ONLY STRENGTHEN 
THROUGH THE DAY. THIS WILL RESULT IN VERY 
FAVORABLE CONDITIONS FOR TORNADIC SUPERCELLS 
CAPABLE OF STRONG/ VIOLENT TORNADOES...LARGE 
HAIL...AND DAMAGING WINDS. THIS ACTIVITY WILL 
LIKELY SPREAD EASTWARD ACROSS PARTS OF AL/GA 
AND INTO NORTHERN FL THROUGH THE AFTERNOON 
AND EVENING. RAPID MOVEMENT OF UPPER 
TROUGH...STRENGTH OF WIND FIELDS...AND QUALITY 
OF RETURNING LOW LEVEL MOISTURE ALL POINT TO 
THE POTENTIAL FOR AN OUTBREAK OF TORNADOES 
TODAY.



The 3-Dimensional Atmosphere
Lifting Mechanism



• Warm fronts are typically 
characterized by a distinct 
wind-shift from the south to 
the east as you go from 
south to north.

• South of the warm front the 
airmass is unstable with 
high wind shear.

• North of the warm front the 
wind shear can remain high, 
but the instability decreases 
significantly.

The 3-Dimensional Atmosphere
Warm Front
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• Cold Fronts are 
characterized by an abrupt 
wind-shift from the south 
to the northwest as you go 
from west to east.

• Ahead of the cold front, 
generally there is unstable 
air with high wind shear.

• Behind the cold front the 
air is colder, drier and 
virtually no instability or 
wind shear.

The 3-Dimensional Atmosphere
Cold Front

N
o

 In
st

ab
ili

ty
N

o
 W

in
d

 S
h

e
ar

H
ig

h
 In

st
ab

ili
ty

Lo
w

e
r 

W
in

d
 

Sh
e

ar







The 3-Dimensional Atmosphere
Gust Front



The 3-Dimensional Atmosphere
Mesoscale Boundary



The 3-Dimensional Atmosphere
Mesoscale Boundary



The 3-Dimensional Atmosphere
Mesoscale Boundary



Instability, Wind Shear, and Lifting Mechanisms
Where Can I Get Help?













Instability, Wind Shear, and Lifting Mechanisms
Where Can I Get Help?

http://weather.uwyo.edu/upperair/sounding.html

http://www.spc.noaa.gov/exper/mesoanalysis



What We Observe When Spotting
Midwest versus The Southeast





What We Observe When Spotting
Storm Motion
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What We Observe When Spotting
Storm Relative Inflow

Surface Winds:  Southeast @ 25mph
0 to 2km Mean Wind:

South-Southwest @ 30mph

Storm Motion 60mph
minus

0 to 2km Mean Wind:
South-Southwest @ 30mph=



What We Observe When Spotting
Towering Cumulus



What We Observe When Spotting
Mature Stage



What We Observe When Spotting
Dissipation Stage



What We Observe When Spotting
Large Hail
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What We Observe When Spotting
Right Place - Right Time



What We Observe When Spotting
SuperCell

X
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• A wall cloud is 
nothing more 
than the base 
of an updraft.

• Downward 
sloping 
towards the 
precipitation.

• Rotating!

What We Observe When Spotting
Wall Cloud
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What We Observe When Spotting
Shelf Cloud

• A  shelf cloud is 
the leadings 
edge of a gust 
front that is 
moving out and 
away from the 
precipitation.

• Downward 
sloping away 
from the 
precipitation.

• Not rotating!





What We Observe When Spotting
Quiz Time





















































Warning Scenario

November 30, 2010



0.5 Elevation
Reflectivity Scan

~1600 ft.

1.5 Elevation
Reflectivity Scan

~4000 ft.

3.1 Elevation
Reflectivity Scan

~8800 ft.

2.4 Elevation
Reflectivity Scan

~6700 ft.



0.5 Elevation
Velocity Scan

~1600 ft.

1.5 Elevation
Velocity Scan

~4000 ft.

3.1 Elevation
Velocity Scan

~8800 ft.

2.4 Elevation
Velocity Scan

~6700 ft.





Mesocyclone developing
in the upper levels

Notice that little rotation
is evident at the lower levels









Mesocyclone continues to descend
downward with time

















Eventual gate to gate shear or strong evidence of a possible tornado.
After survey, it was determined to be an EF1 with winds of 105 mph. 











Questions or Comments?

1-800-856-0758 
Email:

John DeBlock – john.deblock@noaa.gov

Kevin Laws – kevin.laws@noaa.gov

A survey will follow this presentation, please submit 
feedback so we can improve this presentation!
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